ABSTRACT Macrolabis americana Dorchin n. sp. is a newly discovered species of inquilinous gall midge found in galls of Dasineura folliculi Felt on two goldenrod species, Solidago rugosa Miller and Solidago gigantea Aiton (Asteraceae) in central Pennsylvania. This is the Þrst record of Macrolabis outside the Palaearctic, where the genus is represented by 58 species. Contrary to what is known of most Macrolabis species, the new species is multivoltine and is found in galls induced by successive generations of D. folliculi. Despite certain biological similarities to Macrolabis solidaginis Fedotova, which is associated with Dasineura galls on goldenrod in Kazakhstan, its relations to its Eurasian congeners are currently unknown. Adults, larvae, galls, and life history of the new species are described.
With 58 described species, the gall midge genus Macrolabis Kieffer (Dasineurini) has so far been known only from the Palaearctic Region (Fedotova 2004 , Gagné 2004 . Roughly half of the species are considered to be gall inducers, whereas the other half are inquilines developing in galls induced by other gall midges. However, lack of biological information in many earlier descriptions hinders an accurate estimation, because the actual levels of inquilinism in the genus may be higher. It is likewise possible that a more thorough study of galls that are currently attributed to Macrolabis will reveal that some of these species are inquilines rather than the gall inducers. Macrolabis species are typically associated with very simple leaf, ßower, or bud galls on a variety of plant families (the major families being Asteraceae, Apiaceae, Fabaceae, and Rosaceae), whether they are the gall inducers or the inquilines (Sylvé n 1975 , Fedotova 2004 . The inquilinous species develop in galls induced by eight different genera of gall midges, all but Contarinia (Cecidomyiidi) belonging to genera within the supertribe Lasiopteridi (e.g., Dasineura, Spurgia, and Rhopalomyia) , to which Macrolabis itself belongs. Inquilinism has apparently evolved several times in the Cecidomyiidae (Gagné 1994) ; whereas some cecidomyiid genera are strictly inquilinous (e.g., Trotteria), others, such as Macrolabis, Dasineura, and Contarinia, include both gall inducers and inquilines. Such "mixed" genera are typically found on plants from many different families and seem to be associated with certain types of galls rather than with speciÞc plant taxa, both as inquilines and as gall inducers (Gagné 1989 , Fedotova 2000 . This pattern suggests that in groups characterized by simple galls, speciation would not be constrained by host plant association to the same extent as in groups associated with more complex galls that require closer interactions with the plant.
Goldenrods (Solidago and Euthamia, Asteraceae) are hosts to 29 recorded species of gall midges in North America, which are the majority of gall inducers occurring on these plants (McEvoy 1988 , Gagné 1989 . They are found in almost all organs of goldenrods, including rhizomes, ßowers, stems, buds, and leaves, and are active during the spring and summer, when their hosts produce rapidly growing tissues suitable for galling (McEvoy 1988 , Gagné 1989 . Larvae diapause in the soil or in dry plant organs during the winter. Gall midge inquilines that have been recorded from goldenrods include two species of Camptoneuromyia and one species of Trotteria, all from Asphondylia galls (McEvoy 1988) . The new species reported here is an inquiline in galls of Dasineura folliculi Felt on Solidago rugosa Miller and Solidago gigantea Aiton. Galls of this species have been reported from other Solidago species (McEvoy 1988), but they were not found on these hosts during this study. We describe the newly discovered species, its life history, and its association with the gall inducer whose galls it inhabits. We also discuss its possible relation to its Palaearctic congeners. The larvae from each gall were separated from those of the gall inducer D. folliculi based on color, size, and shape of the spatula, and transferred into 25-ml plastic cups Þlled with Promix BX potting mix to allow pupation. Each soil cup contained all viable, third instars originating from a single gall. The cups were covered by individual, ventilated cup cages and kept in the laboratory at room temperature until adult emergence. Adults and some of the larvae taken from galls were preserved in 70% ethyl alcohol for morphological study and were later mounted on permanent microscope slides in euparal according to the method outlined in Gagné (1989 Gagné ( , 1994 . The identity of the gall inducer was veriÞed via comparison with the type material. Terminology for adult morphology follows McAlpine et al. (1981) and for larval morphology that of Gagné (1989) . The holotype and some of the paratypes are deposited in the National Museum of Natural History, Smithsonian Institution, Washington, DC. Other paratypes and related material are deposited in the National Collection of Insects, Zoological Museum, Tel Aviv University, Tel Aviv, Israel.
Materials and Methods

Galls
Results and Discussion
Macrolabis americana Dorchin, new species (Figs. 1Ð15)
Adult. Tiny, delicate, and notably hairy midges of general yellowish color.
Head (Fig. 1) . Pyriform, narrower at vertex in frontal view. Eye facets circular, gap between eyes on vertex 0 Ð 0.5 facet wide. Mouthparts: palpus 4-segmented, segments consecutively longer; Þrst segment rounded, only slightly longer than wide; segments 2Ð 4 cylindrical, all with long setae and ßat, tapered scales. Antenna ( Fig. 2 ): similar in both sexes, although ßag-ellomeres usually more numerous in female; scape wide, conical; pedicel globular; ßagellomeres 11Ð13 in female (n ϭ 8), 10 Ð11 in male (n ϭ 10), barrel-shaped, 1.3Ð1.5 as long as wide, each with two rings of simple, appressed, longitudinally connected circumÞla and group of strong, curved setae originating from big sockets; basal ßagellomeres slightly longer than more distal ßagellomeres; apical ßagellomere tapered, usually much longer than wide; number of ßagellomeres may differ between antennae in same (female) individual.
Thorax. Wing (Fig. 3) : length 1.2Ð1.6 mm in females (n ϭ 8), 1.1Ð1.4 mm in males (n ϭ 10); densely covered with Þne, dark hairs, denser along C to merging point with R 5 ; Sc joining C at third of wing length; R 5 clearly shorter than wing, slightly curved; Cu forked; wing behind merging point of R 5 and C margined with long, Þne hairs. Legs: parts other than tarsus covered with light, sparse scales; coxa and trochanter (Fig. 4) with several very long setae; tarsomeres densely covered with dark, elongate, ßattened scales; tarsal claws ( Fig.   5 ) toothed, evenly curved; teeth long, curved near base; empodia as long as or almost as long as claw.
Female Abdomen (Fig. 6) . Tergites 1Ð7 rectangular, with anterior pair of trichoid sensilla and posterior row of long setae; otherwise evenly covered with smaller setae and dark, ßattened scales on entire surface. Tergite 8 divided medially to form two separate, long and slender, club-like sclerites, with anterior pair of trichoid sensilla and a group of long setae posteriorly. Sternites 2Ð7 with anterior pair of trichoid sensilla, and a median group and a posterior row of long setae. Sternite 8 unsclerotized, with several long setae. Pleura covered with Þne hairs. Ovipositor at least 1.5 times as long as abdomen; fused cerci rounded apically, setulose, posteriorly with few short setae. twice as long as wide, rugose, lobes about half as long as hypoproct, blunt, with few setae. Ventral part of paramere forming prominent, setose mediobasal lobe, dorsal part slender, narrowing apically, divided longitudinally at distal quarter into two-three lobes, setulose, slightly shorter than aedeagus. Aedeagus narrow, of equal width throughout length, blunt apically. Gonocoxite massive, 1.7Ð2.0 times as long as wide, evenly covered with setae. Gonostylus slender, 7Ð 8 times as long as wide at midlength, evenly curved along mesal margin, angular along lateral margin, with slight bend after midlength; ventrally smooth other than few setae near bend and tooth, dorsally covered with tiny setae almost to midlength and smooth thereafter, with few scattered setae; tooth small, pointed apically.
Pupa. Unknown.
Larva (Third Instar).
Typical Dasineura-like features (as in Gagné 1989) . Color: white. Integument rough. Posterolateral apodemes as long as head (Fig.  12) . Spatula ( Fig. 13) Figs. 12-13. Third instar. 12. Head capsule. 13. Spatula with associated papillae (only right lateral papillae shown). Scale bars ϭ 0.1 mm. Fig. 14-15 . M. americana, n. sp. galls. 14. Gall on S. rugosa. 15. Gall on S. gigantea. Arrows point to feeding spots on leaves around the gall. Etymology. The speciÞc name refers to the species being the Þrst of its genus to be found in the Americas.
Gall (Figs. 14 -15) . The species is an inquiline regularly found in galls induced by D. folliculi in vegetative buds of Solidago rugosa and S. gigantea. The galls are 1Ð3 cm wide and composed of leaves that are widened and thickened at the base. In young galls, leaves are tightly wrapped together and loosen as the gall and larvae age. The central leaves of old galls that no longer contain larvae are often brown and dead, but buds usually continue to grow normally after the larvae drop to the ground, leaving a slightly thickened region on the stem and shorter internode distance. Older galls are typically associated with light green to yellow spots on leaves composing the gall and on leaves below it (Fig. 15) . These spots are presumably caused by larval feeding and are found on leaves that were part of the gall and have separated from it as the bud kept growing and new leaves were formed. Individual galls usually contain 5Ð20 D. folliculi larvae and 0 Ð20 Macrolabis larvae. Inquilinism was much more abundant in galls on S. rugosa than on S. gigantea (44 and 11%, respectively).
Biology. D. folliculi galls were found on both hosts from May to August 2005 and only on S. gigantea from September to October, and were generally more common on the latter. Inquilinous M. americana larvae were usually easy to distinguish from those of the gall inducer because they are normally smaller, white rather than orange, and the notch between the lobes of their spatula is not as deep as in D. folliculi. Some galls did not contain any inquiline larvae, whereas some contained only inquiline larvae. In the latter case, we assumed that all D. folliculi larvae had completed their development and had already left the gall. Both M. americana and D. folliculi larvae leave the galls to pupate in the soil. However, pupae were never found in our soil cups despite meticulous efforts to locate them. Because many Dasineurini species spin cocoons before pupation, the pupae were probably contained in cocoons with adherent soil particles, which made them inconspicuous.
Macrolabis larvae that were taken out of galls and transferred to soil cups dug into the soil within minutes. Adults emerged after 14 Ð20 d. Emergence almost always occurred between dusk and dawn and adults lived for 1 to 2 d. Sex ratios among emerging adults were skewed toward females (2:1 in the S. rugosaassociated population and 4:1 in the S. gigantea-associated population). Macrolabis adults usually emerged a few days after those of the gall inducer from galls collected at the same date and were considerably smaller. In many soil cups only a small percentage of the larvae produced adults and many cups did not produce adults at all. In such cases, we assumed that the larvae were too young when removed from the galls or that they entered diapause.
Remarks. The Þrst record of Macrolabis in the Americas raises the question of the manner by which the genus has become established away from its center of diversity. Several gall midge genera as well as genera of other gall-inducing insects are known to occur both in North America and in Eurasia (Gagné 1981 (Gagné , 1984 . This pattern of distribution suggests either dispersal through the connection between western North America and Asia or fragmentation of populations already existing before the separation of eastern North America from Europe (Gagné 1984) . Either of these scenarios is possible in the case of Macrolabis, as is the possibility that M. americana occurs in Europe and has not been discovered there yet or that it is a recent immigrant accidentally introduced to America with the ßower trade. A similar situation is found in the gall midge genus Mayetiola (Kieffer) that comprises 29 species, of which only one (M. ammophila Gagné ) naturally occurs in North America (Gagné 1975) .
Currently nothing is known about the evolutionary relationships among Macrolabis species, but if we assume that related species infest related host plants, then the closest relative of the new species would be Macrolabis solidaginis Fedotova, an inquiline in Dasineura virgaureae (Liebel) galls on Solidago virgaurea L. in Kazakhstan (Fedotova 2004) . The association of these two Macrolabis species with Dasineura galls on goldenrods intuitively suggests relatedness, although biological and morphological differences between them might mean the relation of M. americana to the Eurasian fauna lies elsewhere. The galls of D. virgaureae, in which M. solidaginis occurs, have been described in several different ways by different authors. Although Liebel (1889) and Skuhravá et al. (2005) described bud galls developing in the growing shoot tips, Fedotova (2000 Fedotova ( , 2004 stated that galls develop in the basal part of ßower heads among deformed seeds, and Buhr (1964) attributed three different types of galls to this species, namely, swollen ßower buds, leaf rolls, and terminal bud galls. To date, M. solidaginis has been reported only from the ßower-head gall type, but it will possibly be found also in terminal bud galls similar to those inhabited by M. americana.
Apart from the biological differences mentioned above, the two species differ in several other life history and morphological attributes. M. solidaginis is a univoltine species (Fedotova 2004) , whereas M. americana is multivoltine and is found in galls induced by successive generations of D. folliculi. M. americana is among the very few Macrolabis species exhibiting multivoltinism, although data on life history are available for only about half of the species in the genus. Of the 14 species described by Fedotova (2000 Fedotova ( , 2004 , only M. aegopodicola and M. chamaecytisicola complete more than one generation a year. It seems likely that when Macrolabis larvae develop as inquilines in galls of a multivoltine species, the continuous availability of galls would result in multivoltinism, following that of the galler.
Morphological differences between M. americana and M. solidaginis include the color of larvae (white versus pale orange, respectively), number of antennal ßagellomeres in the male (10 or 11 in M. americana versus seven in M. solidaginis), and the shape of the male genitalia. The male hypoproct in M. americana has a much deeper notch and the gonostylus is 0.5 times as long as the gonocoxite (compared with 0.7 in M. solidaginis), is more slender, and is angular rather than evenly curved along its lateral margin.
In view of the popularity of goldenrod-associated insects as models for taxonomic and evolutionary studies in North America (Felt 1908 , McEvoy 1988 , Root and Cappuccino 1992 , Abrahamson and Weis 1997 , it is surprising that the new species has not been recorded previously. The discovery of Macrolabis in North America calls for screening of Dasineura folliculi galls in the eastern United States to determine the current distribution of the genus in this continent. It also suggests that further study of galls induced by gall midge genera that are known to host inquilinous Macrolabis spp. in Eurasia (e.g., Dasineura and Rhopalomyia) may reveal additional Macrolabis species in America. Last, because one of the host plants of M. americana, the North American native Solidago gigantea, is an invasive American weed now well established in Europe (Weber 1998 , Abrahamson et al. 2005 , it would be interesting to see whether its introduction has been accompanied by the introduction of the gall midges associated with it in America, or whether it has acquired the gall midges found on the European native S. virgaurea.
